Listeria monocytogenes, a ubiquitous pathogen causing a variety of human infections, notably in newborn and immunocompromised individuals (14, 19, 30, 37, 41) , is a facultative intracellular pathogen according to a classification initially introduced by Suter (39) to describe those organisms able to propagate both within host phagocytes and in extracellular spaces. The group of facultative intracellular pathogens also includes Mycobacterium, Brucella, and Salmonella species. Acquired immunity to infections produced by these bacteria is primarily cell mediated (15) . Extensive studies have clearly established that following L. monocytogenes infection, both CD4+ and CD8+ T lymphocytes intervene in protective immunity (8, 11, 20, 27) , leading to an enhanced antibacterial action of macrophages from the immune host. Mediators of this effect are also likely to include cytokines such as gamma interferon (7, 16, 21) and tumor necrosis factor-alpha (28).
Humoral response to listeriosis has been difficult to ascertain. Serological studies of natural L. monocytogenes infections have been hampered by high titers of antibodies cross-reacting with antigens of other bacteria (24, 29, 37, 42) , but 30 to 50% of bacteriologically confirmed cases of listeriosis do not appear to be associated with specific humoral response (38) . There are great variations in antibody production among patients with listeriosis, which agrees with a similar heterogeneity observed in cases of tuberculosis (25, 43) and leprosy (36) . Data for experimental listeriosis remain limited and sometimes conflicting, with some differences in the antibody response depending on the animal species used for the studies (1, 2, 26, 29, 31, 44) . Genetic factors, including those involved in the metabolic activity of the host's macrophage, are thought to determine the magnitude of the antibody response (4, 23) .
In this study, the humoral response after a challenge by L. Listeria antigen. Listeria antigens used in enzyme-linked immunosorbent assays (ELISA) were prepared as follows. The bacterial culture described previously was centrifuged for 30 min at 11,000 x g and washed three times in PBS; the pellet was resuspended in PBS to 60 mg (wet weight) per ml, distributed into 15-to 20-ml flasks, and frozen at 20°C. The suspension was thawed and disrupted by sonic treatment with a sonifier-cell disruptor (Branson Sonic Power Co.) as described elsewhere (34) . The protein concentration of the sonicate was determined by the bicinchoninic acid protein assay (Pierce, Rockford, Ill.), and 0.5-ml aliquots were stored at -20°C until used.
ELISA for detection of specific antibodies. Flat-bottomed 96-well plates were coated by overnight incubation at 37°C in a moist chamber with 50 ,ul of a solution of 50-,ug/ml Listenia antigen-10-,g/ml TT (kindly provided by R. 0 The ability of L. monocytogenes-infected spleen cells to present antigen was investigated by testing the proliferation of T-cell clone 11/3B (H-2b restricted) specific for the NANP sequence of the Plasmodium falciparum circumsporozoite protein (40) . Culture procedures have been described in detail elsewhere (40) . Briefly (Fig. 2B) .
Since Hly-bacteria are unable to multiply in mouse organs, we wondered whether the nonhemolytic mutant behaved in the immune system as killed organisms. We injected mice with 109 heat-killed Hly-(HKHly-) bacteria and measured the antibody response. Interestingly, HKHly-bacteria induced a weaker antibody response ( Fig.  2A) Figure 3A shows that a previous infection with Hly+ bacteria significantly (P c 0.005) reduced the IgG antibody response elicited by Hly-bacteria given 1 or 2 days later. This immunosuppressive phenomenon, however, was not observed when Hly-L. monocytogenes was given 3 days later.
Similar results were obtained in Western blot experiments, where fainter bands were revealed by using sera from mice receiving Hly-L. monocytogenes 1 or 2 days after Hly+ L. monocytogenes instead of sera from mice receiving Hly-L. monocytogenes 3 days later (Fig. 3B) . It is interesting to note that the IgG antibody titers elicited by Hly-bacteria were not affected when mice received Hly+ bacteria 24 h later (Fig. 3A) , similar to what was found in Western blot experiments (Fig. 3B) .
L. monocytogenes-induced suppression of the antibody response to IT and PS3. To test the hypothesis of whether such a suppressive phenomenon could also affect the antibody response to unrelated antigens, an analogous experimental approach was followed by immunizing Hly+ or Hly-L. monocytogenes-infected mice with a T-cell-dependent (TT) or a T-cell-independent (PS3) antigen.
In serum samples taken 7 days after immunization, anti-T7 IgG and IgM (Fig. 4A ) and anti-PS3 IgM (Fig. 4B unchanged when APCs were taken from mice infected 1 day before as compared with uninfected spleen cells. However, the proliferative response of the clone was almost undetectable when spleen cells from mice infected 4 days before with Hly+ L. monocytogenes were used as APCs. On the contrary, this phenomenon was not observed with APCs from Hly-L. monocytogenes, for which, instead, the response of the clone was higher than that obtained with uninfected APCs. Finally, this potentiation of the proliferative response was observed with APCs from mice infected 8 days earlier with either Hly+ or Hly-L. monocytogenes.
DISCUSSION
During natural L. monocytogenes infection, a variable and weak antibody response is usually detectable in infected individuals (1, 2, 14, 26, 31, 38, 44 ). Genetic studies of the regulation of immune responsiveness to L. monocytogenes in two lines of inbred mice producing high and low antibody titers revealed that a genetic impairment of the B-cell function was expressed at the macrophage level (4, 23); antigens persist longer in high-responder macrophages than in lowresponder macrophages. On the other hand, it has been shown that L. monocytogenes properties influence the immune responsiveness of the infected host: only live, virulent, hemolysin-producing strains of L. monocytogenes are able to induce a T-cell-mediated immunity (6) . In this paper, we address the question of the humoral response with regard to hemolysin production.
It is now well established that an SH-activated exotoxin, the listeriolysin, represents a major virulence factor that promotes intracellular multiplication of the bacteria (5, 10, 32). Here in antigen processing and presentation is inherent in some effects of the L. monocytogenes infecting the macrophage or is due to an increased recruitment of macrophages in the spleen.
